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Copernicus program Sentinels
SENTINEL-2

ex “Global Monitoring for
Environment
and
Security”
(GMES)
programme.

– radar-imaging mission for land and ocean services

•

Sentinel-1

•

Sentinel-2 – high-resolution and optical imaging mission for land services

•

Sentinel-3

•

Sentinel-4 – geostationary atmospheric monitoring mission

•

Sentinel-5

– global ocean and land monitoring mission

– low-orbiting atmospheric monitoring mission

Sentinel-2 has been designed to
provide land reflectance time-series
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SENTINEL-2 mission

•

Main features:
– Spatial resolution:10m, 20m, 60m
– 13 spectral bands: VNIR & SWIR (443nm –
2190nm)
– 5 days revisit with 2 satellites under the same
viewing conditions
– Global coverage of land surfaces (56°S to 84°N)
– Swath: 290km

•

Sentinel-2 ground tracks

Mission implementation:
– Near polar sun synchronous orbit
(inclination=98.5°)
– Cycle: 14.3 orbits/day
– Equator crossing time: 10.30 am
– Altitude: 786km
– Extented mode: roll ±20.6°, OZA<35°
– Lifetime: 7 years (propellant sized for 12 years)
– Long-time mission (S2C and S2D)
CALCON – Aug 22-25 2017

•
•

Sentinel 2A launched in June 2015
Sentinel 2B launched in March 2017

Multi Spectral Instrument (MSI)
Primary mirror
Secondary mirror

Tertiary mirror

Telescope: TMA (Tri Mirror Anastigmat)
 Push-broom imager
 Pupil: 150mm
 Focal length: 0.598m
 FOV: 20.6°
 Focal plane array:
Si CMOS VNIR detectors
HgCdTe SWIR detectors (passively
cooled)
 Radiometric resolution: 12 bits
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SENTINEL-2 mission
Spectral coverage and spatial resolution

• Increased spectral resolution in red edge
• No thermal infrared
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Sentinel-2
Comparison with other missions
Landsat

•
•
•
•
•
•

16 days
8-11 bands (inc TIR)
Nadir viewing geometry
Global Coverage
30m / 190 km
Free data

SPOT

•
•
•
•
•
•

<26 jours
3-4XS + PAN
Varying geometry
On-demand coverage
10m / 60 km
Commercial satellite
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Sentinel-2

•
•
•
•
•
•

5 (10) days
13 bands
Nadir viewing geometry
Global Coverage
10m / 290 km
Free data

Sentinel-2 context

•

Sentinel2 is an ESA mission

• CNES supports ESA (ESTEC) on mission performances until phase E1
S2A: …  2015
S2B:  2017
– Image Simulation and Analysis Tool
– Ground Processing Prototype (GPP)
– Sentinel-2 Technical Expertise Center : plays a key role during MSI commissionning,
tune all image quality parameters, check performances

• CNES supports ESA (ESRIN) during routine operations
S2A: 2016  …
S2B: 2017…
– Expertise on anomaly
– Routine monitoring (validation):
• Radiometry: Equalization and absolute calibration validation
• Geometry: multi-spectral and multi-temporal registration performance, geolocation
performance

– Participation to data quality meeting, QWG, S2VT
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Radiometric Absolute Calibration
Specifications
• The absolute radiometric accuracy shall be 3% (goal) / 5% (threshold).
• The inter-band calibration accuracy shall be 3%.
• The intercalibration (S2A/S2B) shall be 3%

Nominal method: onboard
solar diffuser

Validation methods: vicarious calibration using SADE/MUSCLE

Molecular
scattering over
the ocean

Crosscalibration
over PICS

Interband
calibration
over DCC

Results are presented for Sentinel 2A (2 years in orbit) and 2B (4 months in orbit)
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Instrumented
Site over La
Crau

Solar diffuser
• Calibration & Shutter Mecanism : diffuser
• Diffuser covers the whole FOV
• 70 x 25 cm2 ensuring calibration of each pixel into the FoV
• Absolute calibration over the sun for all bands

Nominal method for:
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- Equalization
- Absolute calibration

Solar diffuser
Diffuser reflectance for a given
solar angle as seen by MSI
• BRDF diffuser characterisation
• 1 pixel sees a large part of the
diffuser because of defocus

ρ/π

4%
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SWIR focal plane
decontamination

13

Desert (PICS) vicarious calibration
Principle
•
Cross-calibration wrt. reference sensor (MERIS, MODIS, LANDSAT8…)
•
19 desert sites selected for their stability
•
Geometric matching : viewing and solar angles – no temporal matching
•
Temporal evolution + diffuser monitoring

S2A

S2B IOC Result
Good agreement with MERIS (spectral reference)
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Desert (PICS) vicarious calibration
S2A

S2B IOC Result

Spectral
interpolation

Good consistency with
MODIS / L8
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Desert (PICS) vicarious calibration
S2B/S2A intercalibration

S2B/S2A

Both instruments are consistent within 1-2 %
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Desert (PICS) vicarious calibration
Sentinel-2A Temporal evolution

• Temporal evolution within +/-1%
• Same behavior for all spectral bands

Calibration on the diffuser seems to accurately correct
the temporal evolution of Sentinel 2A
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in–situ calibration using LACRAU robotic
station (ROSAS)
+ atmosphere

Principle
• Simultaneous in-situ measurements at Lacrau
(South-Eastern France)

Not many acquisitions esp. for S2B
Radiative
transfer

Simulated TOA
reflectance

S2A
All spectral bands within 3% - except for B8 (5%)
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S2B IOC Result

Inter-band calibration on Deep Convective
Clouds
Principle
Diffusion of sun light on a DCC is « white » in VNIR  inter-band calibration

•
•

All bands within 3% (B8A 4%)
spectral shape is representative of the fact that we don’t have proper DCCs! (not core
method) but similar for both satellites

All VNIR spectral bands within 3%
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Vicarious Calibration
over molecular scattering (OCEANS)
Principle
•

Statistical approach based on molecular scattering (Rayleigh) over a dark surface (ocean)

•

Molecular scattering constitutes most of TOA signal

•

Calibration from blue to red-NIR spectral bands (440nm to 740nm)

Surface
Reflectance

S2A

S2B IOC Result
All bands within 2-3%
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S2B – S2A intercalibration
What if we used each method as a transfer method?
 This allows us to get rid of spectral issues for each method since they are the same both satellites
S2B/S2A

S2B/S2A

Results are consistent with the direct S2B/S2A intercalibration : no more spectral
features
 this should be investigated later when more data are available.
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Conclusion
Diffuser
• Diffuser allows to perfectly calibrate the instrument.
Rayleigh
• Absolute calibration B1=>B6 < 2-3%
Deserts
• Cross-calibration with MERIS, LANDSAT8 & MODIS shows a very good agreement with
the diffuser (<2%). Data continuity with other missions is assured.
• Temporal monitoring confirms no degradation of the diffuser so far for S2A.
• S2A/S2B very good intercalibration (within 1-2%)
Clouds
• Interband B1=>B8A within 3%, but very good S2A/S2B intercalibration!
Lacrau
• Good consistency with diffuser, better than 3% (5% for B8)
Very good consistency of ALL methods -> good radiometric accuracy for both
satellites:
• Confirmation for S2A
• S2B very promising with only 3 months of data!
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Conclusion
Level 2 products
Sentinel-2 constellation has been designed to
provide land reflectance time-series
MACCS : Multi-Mission Atmospheric Correction and Cloud
Screening
Multi-temporal
-

“Land reflectance evolves slowly with time”
AOT, cloud detection
Constant viewing angles and periodic acquisitions

Cloud detection
-

Rapid reflectance variation

Water detection
- SRTM water bodies + thresholds + Multi-T
Water vapor
- Absorption band

AOT
-

Dark Dense Vegetation : multi-spectral
Multi-T : ground reflectance change can be explained by aerosol
5–days multispectral view of Earth

 MAJA : MACCS ATCOR JOINT ALGORITHM
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